expressions [17] . The S100A4 gene has a variety of biologic functions, including proliferation and apoptosis, cell motility and adhesion, extracellular matrix remodeling, and the regulation of angiogenesis [12] . A previous study proved that the transfection of S100A4 can enhance the metastatic potential of bladder and mammary carcinoma cells, thus inhibiting its metastatic potential of cancer [18] . However, there is no relevant research that explores the connection between the S100A4 gene and CNV in corneal alkali burns. Therefore, our study aims to discuss the inhibitory effects of S100A4 gene silencing on alkali burn-induced CNV in rabbit models.
METHOD

Construction of S100A4 siRNA expression plasmid:
According to the S100A4 gene sequence in GenBank, the siRNA design principles were used to design the siRNA sequence of the GTGACAAGTTCAAGCTCAA target sequence of the S100A4 gene. A gene database search confirmed that it had no homology with any other gene sequences. The primer sequences of S100A4 siRNA were synthesized according to the RNA interference target. They were sense-S100A4:5′-GATCCGTGACAAGTTCAAGCT CAATTCAAGAGATTGAGCTTGAACTTGTCACTTT TTTA-3′ and antisense-S100A4: 5′-AGCTTAAAAAAGT-GACAAGTTCAAGCTCAATCTCTTGAATTGAGCTT-GAACTTGTCACG-3′. Both synthetic sequences used 10 mmol/L of Tris-HCl (pH8.0) for re-suspension until their concentrations reached 100 µmol/L and their upstream and downstream primers reached a proportion of 1:1. The primers were heated to 95 °C for 3 min and were left at room temperature until they cooled to 37 °C. Subsequently, the primers were linked to a pSilencer 2.1-U6 hygro (donated by Dr. Zhou ZC of the University of Texas MD Anderson Cancer Center, Houston, TX) and digested by BamHI and HindIII double enzymes to construct an S100A4 siRNA expression plasmid. The empty vector pSilencer 2.1-U6 hygro was set as the control. All experimental procedures were conducted in line with the requirements of the relevant animal ethics committee of the First Affiliated Hospital of Nanchang University.
Animal grouping: Ninety-five healthy rabbits weighing 1.8-2.5 kg were purchased from Shanghai Silaike Experimental Animal Co. Ltd. (Shanghai, China). After a slit lamp microscope examination, the rabbit corneas were determined to be normal. Of the 95 rabbits, 30 served as the normal control group and the remaining 65 underwent corneal alkali burns and binocular to serve as the experimental group. The S100A4 siRNA and empty vector groups each consisted of 30 rabbits that had undergone successful corneal alkali burning and binocular. In the S100A4 siRNA group, each rabbit was injected with 10 μl of transfection solution made up of an even amount of S100A4 siRNA expression plasmid and liposome Lipofectamine 2000. This injection was made beneath the 8 quadrants bulbar conjunctiva of the binocular. In the empty vector group, each rabbit was injected with 10 μl of miscible liquids consisting of an even amount of empty pSilencer 2.1-U6 hygro and Lipofectamine 2000. Subsequently, similar injections were made every other day for a total of 4 weeks.
Establishment of alkali-induced CNV model:
After the rabbits were dosed with local anesthesia (30 mg/kg of Nembutal) and given 5 g/l tetracaine hydrochloride eye drops, a piece of Whatman III filter paper with a diameter of 10 mm was soaked in a 1 mol/l NaOH solution and placed on the rabbits' eyes for 30 s. Subsequently, corneal and conjunctiva sacs were washed with 100 ml of normal saline, and the CNV model was established with corneal alkali burns. Antibiotic eye drops and ointment were used to prevent infection every day after the operation. Successful criteria for the alkaliinduced CNV model was as follows: corneal stroma edema, obvious turbidity, and a subtile iris. Exclusion criteria were: only a slight alkali burn, corneal perforation that occurred after alkali burning, and infection or hyphema that affected CNV observation. A total of 60 rabbits were successfully modeled [19] .
Morphological observation of CNV:
After one day of modeling, a slit lamp microscope was used to record the time and length of CNV and to calculate the CNV area daily. When measuring CNV, the longest blood vessel with a small continuous bend and CNV growth gravitating toward the center of the corneal opacity was the criterion. Five values were measured in different quadrants of each cornea. Averages were used to record the CNV length of different groups and stages. The A area of CNV was calculated using the Robert computer mathematical model formula (A=C/12 × 3.1416 [r 2 -(r-l) 2 ], where C represents the CNV cumulative number of hour circle, r indicates corneal radius (6 mm), and l shows the CNV length from corneal margin to corneal length) [20] .
Specimen collection: In terms of specimen collection, six rabbits were randomly selected from the normal control, S100A4 siRNA, and empty vector groups 1, 3, 7, 14, and 28 days after alkali burning, and 0.1 ml of rabbit aqueous humor was extracted. This was then frozen at −80 °C and an enzyme-linked immunosorbent assay (ELISA) was used to measure vascular endothelial growth factor (VEGF) and tumor necrosis factor-α (TNF-α) protein expression. Subsequently, rabbits were executed using the air embolism method and corneas were cut along the outer edge of the binocular ball under sterile conditions. Corneas from the left eyes were fixed in 4% poly formaldehyde, dehydrated, and embedded in paraffin, while corneal tissue from the right eyes was frozen at −80 °C for total RNA extraction.
Histopathological detection: Corneas embedded in paraffin were taken out 1, 3, 7, 14, and 28 days after alkali burning and sliced into 5 μm pieces perpendicular to the corneal surface. After normal dewaxing, they were dyed with common hematoxylin and eosin (HE), and the pathologic morphology of the corneas was observed under an optical microscope.
Immunohistochemical staining: Corneas embedded in paraffin were taken out 1, 3, 7, 14, and 28 days after alkali burning and sliced into 5 μm pieces perpendicular to the corneal surface. After normal dewaxing and flushing with phosphate buffered saline (PBS), they were immersed in 0.01 ml ethylenediaminetetraacetic acid (EDTA; pH 8.0) to repair antigens. The normal goat serum was sealed for 3 min at room temperature. Mouse anti rabbit VEGF antibody (1:100, American Abcam Corporation,Cambridge, MA) was incubated overnight at 4 °C. After PBS flushing, the second antibody of biotin goat anti mouse (Wuhan Boster Biologic Technology., Ltd., Wuhan, Hubei, China) was incubated for 20 min at room temperature. After flushing three times with PBS, a horseradish peroxidase labeled streptavidin solution was incubated for 10 min at room temperature. The diaminobenzidine (DAB) was visible for 5 min after PBS flushing. Subsequently, the sections were completely washed and nucleus was re-dyed with hematoxylin for 30 s (with full washing). Next, the sections were differentiated with 1% hydrochloric acid alcohol dehydrated with alcohol, transparented with xylene and sealed with resinene. VEGF expression was observed under a microscope and pictures were taken. Criteria for the immunohistochemical staining were that the cytoplasm, cell membrane, or nucleus was brownish yellow. This indicates a positive result. VEGF staining was used to integrate the integral optical density (IOD) analysis conducted using Image Pro Plus 6.0 software. Each slice was randomly selected from six fields of view for quantitative analysis.
Quantitative real-time polymerase chain reaction (qRT-PCR):
Corneal tissues of each group were taken out of the freezer 1, 3, 7, 14, and 28 days after alkali burning and total RNA was extracted using Trizol reagent (Invitrogen Inc., Carlsbad, CA, USA). A reverse transcription kit (Tiangen Biotechnology Co. Ltd, Beijing, China) was used to transcript total RNA into cDNA. The following specific experimental procedures were followed. SYBR Green I fluorescent dye (Applied Biosystems, Inc., Foster City, CA) was applied to conduct the qRT-PCR. The reaction system of each gene was 20 μl: 10 μl 2 × SYBR Green, 0.3 μl of upstream and downstream primers (20 μM), 1.0 μl cDNA, and 8.4 μl ddH 2 O. The reaction conditions were: 95 °C for 5 min, 95 °C for 30 s, and 60 °C for 1 min (40 cycles in total). β-actin served as an internal reference. The primer sequences are shown in Table  1 . The relative expression of S100A4, VEGF, and TNF-α in each group and at the different time points was performed using the following formula: n = (1+E)
-ΔΔCT [21] . E indicates the amplification efficiency of the target gene primer (E=10 -1/ Standard curve slope ) [22] . In this experiment, the primer amplification efficacy was calculated as ΔCT = (CT target gene -CT β-actin ).
ELISA assay: The aqueous humor was taken out from the −80 °C frozen corneas 1, 3, 7, 14, and 28 days after alkaline burning. The protein expression of VEGF and TNF-α in the aqueous humor was detected using a rabbit VEGF ELISA kit (Srkbio (sh) Ltd., Shanghai, China) and a TNF-α ELISA kit (Elabscience Biotechnology Co., Ltd, Wuhan, China). Procedures were conducted according to the kits' instructions. The optical density (OD) value of each hole was measured at the wavelength of 492 nm and a standard curve was drawn using the OD values of standard products at different concentrations. The concentrations of VEGF and TNF-α protein were found to have a standard curve (according to OD values). 
Gene
PCR primer sequence
Notes: RT-qPCR, quantitative real-time polymerase chain reaction; VEGF, vascular endothelial growth factor; TNF-α, tumor necrosis factor-α.
Statistical analysis: SPSS 13.0 statistical software (SPSS Inc., Chicago, IL) was used for data analysis and measurement. Data are expressed as mean ± standard deviation (± SD).
The differences between each time point in each group were analyzed using one-way analysis of variance (ANOVA). The pairwise comparison was tested using the Newman-Keuls test. The difference was considered to be significant when p<0.05.
RESULTS
Growth condition of CNV in each group:
As shown in Figure  1 , CNV did not occur in the corneal tissues of the empty vector and the S100A4 siRNA groups 1 day after alkali burning. Varying degrees of edema were seen in the corneal epithelial 3 days after burning. This was followed by corneal opacity and limbal vascular network filling. Additionally, the growth of CNV in the limbus was seen to have a lower density of blood vessels compared to the central cornea. In the first 3-7 days after alkali burning, vigorous CNV growth was detected in the empty vector group. Seven days after alkali burning, CNV density was increased significantly. Fourteen days after alkali burning, CNV in the empty vector group significantly increased, forming significant anastomosis and a loop-like vascular network that almost covered the entire cornea. After the area of CNV decreased, the partial vascular started shrinking and disappearing. Twenty-eight days after alkali burning, the mature blood vessels in the corneal tissues of the empty vector group displayed a lower vascular density compared to day 14 after burning. CNV growth was relatively slower in the S100A4 siRNA group 7, 14, and 28 days after alkali burning than in the empty vector group. The length and area of CNV was also significantly less than those recorded in the empty vector group. No CNV developed at any time point in the normal control group.
The length and area of CNV was significantly smaller in the S100A4 siRNA group than in the empty vector group at each time point (all p<0.05). Fourteen days after alkali burning, the area was significantly larger than the area at any other time point in the normal control and empty vector groups (Table 2) .
Histopathological changes of corneal tissues in each group:
A few inflammatory cell infiltrations were observed upon HE staining in the empty vector group 1 day after alkali burning. However, there were many mononuclear inflammatory cell infiltrations, matrix structure disorder, and the formation of CNV in the superficial corneal stroma and epithelial cell layer 3 days after alkali burning. Seven days after alkali burning, a larger CNV cavity developed in the corneal stroma. This was also accompanied by infiltration of the macrophages, neutrophils, monocytes, and other cells. Additionally, 14 days after alkali burning there was an increased inflammatory response, CNV volume, thickened lumen, and a red blood cell infiltration in part of the CNV cavity (within the corneal stroma). Twenty-eight days after alkali burning, inflammation and CNV density decreased, revealing thick, visible, mature vessels. Inflammatory cell infiltration and CNV density were lower in the S100A4 siRNA group than in the empty vector group. No inflammatory reaction was observed in the normal control group at any time point (Figure 2) .
The mRNA expression of S100A4, VEGF, and TNF-α in the corneal tissues of each group:
The qRT-PCR results indicate that in the empty vector group the mRNA expression of S100A4 first increased and then gradually returned to normal levels along with CNV growth ( Figure 3A) . The mRNA expression of S100A4 peaked 7 days after alkali burning and then gradually decreased from day 14 onwards, reaching a normal level at day 28. This result indicates that S100A4 gene expression is consistent with the growth and regression of CNV. The mRNA expression of S100A4 was lower in the S100A4 siRNA group than in the empty vector group ( Figure  3A , p<0.01). No significant difference was observed between the normal control and empty vector groups. The mRNA expression of VEGF and TNF-α also increased at first and then gradually returned to normal levels in the empty vector group. This trend was also consistent in the S100A4 siRNA group; however, the mRNA expression of VEGF and TNF-α w was lower in the S100A4 siRNA group at each time point when compared to the empty vector group ( Figure 3B -C, p<0.05). This suggests that S100A4 affects CNV by regulating the expression of VEGF and TNF-α.
Expression of VEGF protein in the corneal tissues of each group:
The immunohistochemical staining results show that the expression of VEGF protein at each time point was lowest in the normal control group. There was an increased expression of VEGF protein in the corneal epithelium 1 day after alkali burning in the empty vector group. However, no VEGF protein expression was found in the corneal stroma. VEGF protein expression in the S100A4 siRNA group was significantly lower than that in the empty vector group [VEGF IOD in the cornea (72.5±5.5)/(82.1±7.3), p<0.05]. In the empty vector group, the corneal epithelial thickened and VEGF expression increased in the corneal epithelium and stroma 3 days after alkali burning. However, no VEGF expression was found in the S100A4 siRNA group. In addition, the VEGF IOD in the corneas of the S100A4 siRNA group was significantly lower than that in the corneas of the empty vector group [(88.3±9.1)/(102.4±5.2), p<0.01]. Seven days after alkali burning, VEGF protein expression was high in the corneal layer of the empty vector group, and brown particles were detected in the corneal epithelium, the vascular endothelial cells, and the inflammatory cells of the corneal stroma. In the S100A4 siRNA group, VEGF protein expression in the corneal epithelium, vascular endothelial cells, and inflammatory cells of the corneal stroma was significantly lower than in the empty vector group [VEGF IOD in the cornea (129.5±11.0)/(151.7±13.7), p<0.01]. In the empty vector group 14 days after alkali burning, the corneal epithelial thickened to a greater degree than the 7-day measurement, and there was a decrease in VEGF protein expression and VEGF IOD (112.4±6.2). VEGF protein expression in the corneal epithelial of the S100A4 siRNA group decreased more than in the empty vector group, with VEGF IOD at 97.2±8.7 (p<0.01). Twentyeight days after alkali burning, the expression of VEGF protein in the corneal epithelial and stroma was still visible in the empty vector group. However, VEGF protein expression was low in the intravascular red blood and vascular endothelial cells. VEGF protein expression in the S100A4 siRNA group at various time points was significantly lower than that in the empty vector group [VEGF IOD: (79.7±5.3)/(87.1±4.2), p<0.05]. There was no positive expression of VEGF in the corneal stroma or vascular endothelial cells of the S100A4 siRNA group (Figure 4 , Table 3 ).
The protein expression of VEGF and TNF-α in the aqueous
humor of each group: An ELISA assay was used to detect the VEGF and TNF-α protein levels in the rabbits' aqueous humor. The results showed that VEGF protein concentration did not change in the normal control group over time. However, the VEGF protein concentration in the aqueous humor of the empty control and S100A4 siRNA groups was significantly higher than that in the aqueous humor of the normal control group (p<0.05 or p<0.01). The VEGF protein concentration increased gradually, peaked at day 7, and gradually decreased thereafter. In the S100A4 siRNA group, VEGF protein concentration in the aqueous humor was significantly lower than that in the aqueous humor of the empty control group at every time point (p<0.05 or p<0.01; Figure 5 ). TNF-α protein and VEGF protein had similar expression trends in each group. TNF-α protein concentration in the empty control and S100A4 siRNA groups were significantly higher than in the normal control group (p<0.05 or p<0.01). Furthermore, TNF-α protein concentration in the S100A4 siRNA group was significantly lower than that observed in the empty control group (p<0.05 or p<0.01; Figure 6 ).
DISCUSSION
Corneal alkali burns are considered common ophthalmologic emergencies that can result in devastating complications [3] . Pathological CNV is associated with inflammation due to infection or chemical burns [8] . Despite the fact that blood vessel growth can repair some of its effects, CNV and hyperpermeability may lead to impaired vision and transplantation failure [23] .
In this study, we found that the level of S100A4 in the siRNA group was significantly lower than that in the empty vector group. This indicates that S100A4 is essential in the repair of corneal alkali burns. We also found that S100A4 Figure 3 . The mRNA expressions of S100A4, VEGF, and TNF-α after alkali burns at each time point for each group. Notes: mRNA, microRNA; VEGF, vascular endothelial growth factor; TNF, tumor necrosis factor; * and ** refer to p<0.05 and p<0.01, respectively when compared with the normal control group; # and ## refer to p<0.05 and p<0.01, respectively when compared with the empty vector group.
gene silencing can inhibit the formation of CNV in rabbit corneal alkali burns and reduce the inflammatory reaction. S100 proteins are Ca2 + binding low molecular mass proteins that are common in cells' homo-or heterodimers. S100 proteins display their effect by interacting with and modulating the activity of other proteins [10] . S100A4 has been independently cloned by several research groups and was used as a marker to connect cell growth with cell movement [24] . S100A4 protein is localized in the nucleus, cytoplasm, and extracellular space of cells and has many biologic functions, such as regulating angiogenesis, cell survival, movement, and invasion [10] . Previous studies have confirmed the association between the number of S100A4 cells and a variety of cancers, including colorectal cancer, non-small cell lung cancer, breast cancer, gastric cancer, bladder cancer, melanoma, and ovarian cancer [24] . S100A4, S100A6, S100A8, and S100A9 all have a potential role in the wound healing process; S100A4 in particular has been previously associated with corneal fibroblast regeneration [25] . A prior study proved that S100A4 mRNA expression decreases with confluence in deficient biliary epithelial cells. This result is consistent with our study results [26] . In addition, the presence of S100A4 in superficial and suprabasal layers demonstrated that through the normal and pterygium epithelia, it is a disease of unknown etiology with epithelial from the conjunctiva onto the cornea [25] . S100A4 and A13 are both thought to be pro-angiogenic in tumor development and have been reported to participate directly in the angiogenic process. This result is consistent with our study [7] . The study also indicated that S100A4 may effectively reduce resistance to anti-angiogenic therapy [27] . S100A4 is involved in the regulation of a variety of biologic effects, including cell viability, survival, and differentiation. S100A4 protein expression is also significantly decreased in inflammatory tissues and can be used as a marker of early changes in stem cell niches due to inflammation [28] . The study also found that at each time point, S100A4 gene silencing could suppress VEGF, TNF-α mRNA, and protein expression. Furthermore, the S100A4 gene could affect the formation of CNV in both corneal tissues and the aqueous humor by regulating the expression of VEGF and TNF-α. VEGF is a classical pro-angiogenic factor and one of the most potent endothelial cell mitogens, and it plays an important role in both angiogenesis and lymphogenesis [12] . The benefit of VEGF for vascular endothelial cells has been extensively tested in CNV-related diseases, and VEGF is characterized as having the greatest benefit in various pro-angiogenic pathways [7] . A previous study reported the correlation between the expression of VEGF and S100A4 [29] . S100A4 gene silencing inhibits proliferation, angiogenesis, and invasion by thyroid cancer cells by downregulating the invasion of VEGF. This is in line with our study results [12] . Furthermore, S100A4 can prolong the survival of anti-VEGF treated animals and can partially reduce glioblastoma resistance to anti-VEGF therapy [27] . TNF-α is a key cytokine involved in inflammation, immunity, cellular homeostasis, and tumor progression that exerts its effects by increasing endothelial and other inflammatory cell proliferation and activation [30] . In a previous study, it was demonstrated that TNF-α is essential in the progression of certain diseases by inducing S100A4. Figure 5 . VEGF protein expression after alkali burn in the aqueous humor at different time points. Note: μg /l refers to protein concentration; * and ** refer to p<0.05 and p<0.01 when compared with the normal control group, respectively; # and ## refer to p<0.05 and p<0.01 when compared with the empty vector group, respectively. VEGF, vascular endothelial growth factor. Figure 6 . TNF-α protein expression at different time points in the aqueous humor after alkali burn. Notes: μg /l refers to protein concentration; * and ** refer to p<0.05 and p<0.01 when compared with the normal control group, respectively; # and ## refer to p<0.05 and p<0.01 when compared with the empty vector group, respectively. TNF, tumor necrosis factor.
This proves the results of our study [31] . S100A4 stimulation of peripheral blood mononuclear cells (PBMCs) can significantly induce the synthesis of TNF-α. S100A4 regulates the apoptosis and expression of TNF-α in monocytes [32] . In a previous study about cholangiocarcinoma progression, it was demonstrated that TNF-α is essential in the progression of certain diseases by inducing S100A4. This is in accordance with the results of our study [31] .
Our study points out that S100A4 is effective in inhibiting the formation of CNV tissues after alkali burning. This mechanism may be related to inhibiting the VEGF signaling pathway and reducing inflammation. Therefore, more research is required to provide reference for the clinical treatment of corneal alkali burns.
